The cases of 82 patients with cavernous sinus meningioma (CSM) treated with Stereotactic Radiosurgery (SRS) at our institution from 1992 to 2005 were retrospectively reviewed. The mean follow-up time was 8.38 years. Patients' age ranged between 16 and 78 years (mean 51). There were 35 patients who had been operated before, and two of them had been treated with fractionated radiotherapy. Twenty-three from 35 patients were surgically intervened (65.7%) and presented post-surgical morbidity. Only in 3 cases the surgery was considered complete. The patients were referred for SRS treatment due to having tumour remains or a tumour growth. The mean volume of the tumour was 17.96 (+/−13.67) cm³. All the patients had been treated with a Linear Accelerator (LINAC) using a high precision positioning and radiation system (SRS 2000) University of Florida. The clinical progress of the patients was assessed using pre-and post-SRS radiological imaging, post-surgical and pre-post-SRS morbidity and mortality. Tumour volume decreased significantly with RS in 61 of 82 patients (74.4%). The tumour volume remained stable 12 patients (14.6%) and only in 9 patients (11%) was there tumour growth after SRS. Of these, 5 required surgical intervention, and 7 of the 82 underwent SRS or another fractionated stereotactic radiotherapy after the RS. Morbidity due to the SRS was only seen in 14 out of the 82 patients treated with SRS, five of them recovered completely. SRS is a high precise and effective treatment with low morbidity, becoming more and more the option of choices in the treatment of cavernous sinus meningioma.
Introduction
Cavernous sinus meningioma had often been considered inoperable. The development of microsurgery and cranial base surgery has led to a safer and more effective treatment, and their use has become a challenge for many neurosurgeons. Despite improvements in the techniques and neurosurgeon skills, gross-total resection is still associated with significant morbidity [1] - [4] . It has been well documented that these tumors may commonly invade bone, muscle, dura, dural sinuses [5] , and even the carotid wall [6] , being almost impossible one total removal. Until now, there is no consensus on the optimal management strategy for CS meningioma and these strategies are still in evolution. The main aim is to maintain or improve patient functionality [7] . Since the introduction of radiosurgery (RS) as an effective, high precision technique with minimal morbidity, and applicable to patients with a high surgical risk [8] [9] , it has been well documented its effectiveness by several articles published in the literature [10] - [21] .
The aim of the paper is to demonstrate that SRS is a high precise and effective treatment with low morbidity, becoming more and more the option of choice in the treatment of cavernous sinus meningioma. The punctuation in the KPS previous to SRS ranged from 60 to 100 (mean 80). Thirty patients had no neurological deficit attributed to the CSM. However, only eight of them were completely asymptomatic. As shown in Table 1 , 57 patients had functional deficit of cranial nerves, being the main neurological manifestation at time of the treatment eye movement disorders. There were 24 oculomotor palsy, 11 trochlear palsy, and 33 abducent nerve palsy. There were 28 patients with visual tract impairment. There were 28 patients with sensibility disturbances in V1, 24 in V2 and 16 in V3. Epilepsy was present in 6 of the patients (0.07%).
Materials and Methods

Treatment and Follow-Up
In all cases, SRS was carried out using a linear accelerator with high precision positioning system and mechanical fixation of the tertiary collimator (SRS 200; University of Florida, Gainesville, FL), with 6-MV photons. To locate the lesion, magnetic resonance image (MRI) was performed, after which the stereotactic frame was placed under local anaesthesia for the planning CT phase. CT scan was obtained with fine axial cuts (1 mm) of the whole head. An image fusion program was used to delimit the target volume. Three-dimensional treatment plan- Dose planning was performed to cover the enhancing tumour as conformably as possible. A mean dose of 13.85 Gy, median 14 Gy, was prescribed to the 74.23% (range 50% -90%) mean isodose, median 77.5%. The number of collimators used varied from one to five: one was used in 21 cases; two were used in 42 cases; three in 13 cases; four in 5 cases and one was used only in one case. The maximum dose to adjacent radiosensitive structures, such as the optic chiasm or optic nerves, was calculated, never trespassing the tolerance dose of 8 Gy, with a total cover of 50 (61%) of the lesions. Nonetheless, the dural tail was always treated.
The mean follow-up time after SRS was 114 months, 8.38 years, (range 59 -240; SD = 46.19). All the patients were followed up yearly with neurological examinations and contrast-enhanced MRIs at least for 58.68 months, with a mean follow up of 114.27 months. Tumour size was controlled by measuring the contrast-enhanced margin, in three standard MRI dimensions, before and after SRS.
Statistical Analysis
Progression free survival rates were calculated by the method of Kaplan and Meier [22] (Graphic 1). Tumour progression was considered as the radiological finding of an increase in size, and tumour control was defined when the tumour size remained stable or decreased during the imaging follow up studies. The results were analysed using the SPSS version 21 (SPSS INC., Chicago, IL). Continuous variables were compared with the student t-test. Nonparametric variables were compared by the chi-squared test.
Results
Patients' age ranged between 16 and 78 years (mean 51), and seventy patients (85.4%) were females.
The last follow up control rate was 89%. Volume reduction was objectified in sixty-one patients (74.4%), and volume remained stable in twelve patients (14.6%). Nine tumours grew, 6 of them whose had been previously operated and none of them had received previous radiotherapy.
As shown in the following graphic, the 5-year progression-free survival (PFS) was 95% and the 10-year PFS 84% (Figure 1) .
Only one patient died, due to complications after surgery of the meningioma (Garf 2 Clinical).
One variant analysis of prognostic factors was performed for PFS. No one of the analysed factors (age, sex, volume of the treated tumour, previous surgery or radiotherapy and the size of target coverage) showed any association with PFS. Five patients underwent surgical resection after RSR due to tumour progression after SRS.
Fifty-seven patients had cranial nerve deficits due to their cavernous sinus tumours, some of the presenting multiple neuropathies.
As shown in Table 2 , the toxicity after SRS was low, and in some cases the patient improved it.
Discussion
Despite many studies that have been published until the moment, the optimal management of CSM still remains in debate. Based on the published literature, surgery-related morbidity was higher than that for SRS, including either gross total and subtotal resection, and patients receiving SRS experienced lower rates of tumour recurrence compared with patients who underwent surgery alone [23] . Long-term studies of meningioma involving the cavernous sinus after surgery reported recurrence rates of 9.6% after "complete resection", and 15.2% after subtotal resection [24] . Recurrence rates in most studies published until the moment range from 9.6% to 25%.
[24] [25] SRS has shown that, even when full coverage of the target was not possible, good outcomes in the treatment of patients with cavernous sinus meningioma can be achieved [11] . Recent studies [26] have shown progression free survival rates of 94% after 5 years and 86% at 8 years, with a median follow-up of 62 months. In the present study, PFS was 95% at 5 years and 84% at 10 years with a median follow-up of 100.66 months. It is important to compare studies with a long follow-up, because it has been well documented that recurrence or progression may occur decades after surgical resection or radiation therapy [17] [27]- [29] . Sughrue et al. Concluded from a large meta-analysis published in 2010 [23] that purely intracavernous masses, without cofounding medical histories to suggest other pathology, can be controlled with SRS alone, potentially lowering morbidity and associated health care costs compared with aggressive resection. They also found data that seemed to suggest that SRS should be the therapeutic modality of choice for cavernous sinus meningioma, reserving surgery for cases involving large exofitic components or optic nerve compression.
With numerous studies published until the moment, and also supported by our data, we can affirm that early radiosurgery greatly increases the chance of improving cranial nerve deficits that are not surgically induced.
In the majority of studies revised, tumour margin doses ranged from 12 to 18 Gy, with a mean of dose between 13 and 14 Gy. In our study the mean tumour margin dose was 13.9 Gy. With these doses we didn't experienced late complications such as internal carotid artery stenosis, late complications that have been documented in other series with higher tumour margin dose means (Pollock) . Another question opened previously by Pollock et al. (Pollock) is that it is possible that Linac-based radiosurgery could have a lower rate of neurovascular complications compared to Gamma Knife radiosurgery secondary to greater dose homogeneity and lower maximum radiation doses within the dose plan. But, as they pointed out, more articles have detailed the results of Gamma Knife radiosurgery for cavernous sinus meningioma than Linac-based radiosurgery of cavernous sinus meningioma [10] [11] [20] [30] [31] .
Larger tumor volume remains the primary factor associated with complications after single-fraction SRS of benign CSM despite advancements in SRS technique [32] .
Despite the techniques, it is of note that tumour control rates have remained practically unchanged over time in spite of changes in quality of imaging, and radiosurgical dose [30] . Comparing the results previously published by our group for the treatment of cavernous sinus meningioma [11] with this study we can observe that they have improved, but the difference is not statistically significant. The 5-year PFS in the patients treated for CSM of the study published in 2002 was 92.5%, and the 10-year PFS 82.5%. On the other hand, the 5-year PFS and the 10-year PFS in the current study were 95% and 84% respectively.
The importance of the inclusion in the target of the dural tail to obtain better results has been previously highlighted by our group and in other publications [11] [33], and we have observed again better results in terms of PFS in the patients that it has been included in the target, with the limitation of a prospective study without randomized treatment plans.
Conclusions
The difficulty in performing a complete surgical resection and the associated morbidity has led to many neurosurgeons and patients to choose the treatment with SRS as the only and/or complementary treatment in cavernous sinus meningiomas. Long-term studies have demonstrated the efficacy, low morbidity and the accuracy of radiosurgical treatment, which is becoming the option of choice in the treatment of cavernous sinus meningiomas.
SRS is not only a complement of the surgical treatment, but frequently replaces it. Radiosurgery has become an integral management option for these lesions, either as an adjunct to surgery, or as a stand-alone treatment [8] .
